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(54) Fuel injector bar for a gas turbine combustor 



(57) A fuel injection system for a gas turbine engine 
combustor (10), wherein the combustor includes a 
dome inlet module (20)having a plurality of flow passag- 
es (38) formed therein and at least one cavity (40, 42) 
formed in a liner (1 6,1 8) downstream of said dome inlet 
module (20). The fuel injection system includes a fuel 
supply (52) and a plurality of fuel injector bars (50) po- 
sitioned circumferentially around and interfacing with 



the inlet dome module (20). The fuel injector bars (50) 
are in flow communication with the fuel supply (52), with 
each of the fuel injector bars (50) further including a 
body portion having an upstream end, a downstream 
end, and a pair of sides. A plurality of Injectors formed 
in the body portion and in flow communication with the 
fuel supply (52), whereby fuel is provided to the dome 
inlet module flow passages (38) and/or the cavity (40, 
42) through the fuel injector bars (50). 
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Description 

[0001] The present invention relates to a gas turbine 
engine combustor having at least one trapped vortex 
cavity and, more particularly, to a fuel injector bar used 5 
for injecting fuel into such cavity and flow passages of 
a dome inlet module providing high inlet air flows to the 
combustion chamber. 

[0002] Advanced aircraft gas turbine engine technol- 
ogy requirements are driving the combustors therein to io 
be shorter in length, have higher performance levels 
over wider operating ranges, and produce lower ex- 
haust pollutant emission levels. One example of a com- 
bustor designed to achieve these objectives is disclosed 
in U.S. Patent 5.619.855 to Burrus. As seen therein, the is 
Burrus combustor is able to operate efficiently at Inlet 
air flows having a high subsonic Mach Number. This 
stems in part from a dome inlet module which allows air 
to flow freely from an upstream compressor to the com- 
bustion chamber, with fuel being injected into the flow 20 
passage. The combustor also has inner and outer liners 
attached to the dome inlet module which include up- 
stream cavity portions for creating a trapped vortex of 
fuel and air therein, as well as downstream portions ex- 
tending to the turtjine nozzle. 25 
[0003] It will be noted in the aforementioned Burrus 
combustor that the fuel is injected into the trapped vortex 
cavities through a portion of the liner forming an aft wall 
of such cavity. Fuel is also injected into the flow passag- 
es of the dome inlet module via atomizers located along 30 
hollow vanes of the dome inlet module, the vanes being 
in flow communication with a fuel manifold. While func- 
tional for its Intended purpose, it has been found that 
the fuel injection approach taken in the '855 patent lacks 
simplicity. In particular, it will be understood that this de- 3S 
sign requires the occupation of significant space within 
the combustor housing cavity, as separate systems are 
utilized for injecting the fuel into the cavities and the 
dome inlet module. This not only represents a large cost 
from a manufacturing standpoint, but extraction of fuel 40 
injectors from the engine for repair or replacement re- 
quires a major tear down of the engine to expose the 
combustor cavity section. 

[0004] Accordingly, it would be desirable for a fuel in- 
jection system to be developed in which the cavity sec- 45 
tions of a combustion chamber and the flow passages 
providing air flow thereto can be provided fuel in a sim- 
pler design requiring less space. Further, it would be de- 
sirable if such fuel injection system would be construct- 
ed so as to interface with the dome inlet module in a so 
manner which enables easy access to the fuel injectors 
for repair and replacement. 

[0005] In accordance with one aspect of the present 
invention, a fuel injection system for a gas turbine en- 
gine combustor is disclosed, wherein the combustor in- ss 
eludes a dome inlet module having a plurality of flow 
passages fomied therein and at least one cavity formed 
in a liner downstream of said dome inlet module. The 



fuel injection system includes a fuel supply and a plural- 
ity of fuel injector bars positioned circumferentially 
around and interfacing with the inlet dome module. The 
fuel injector bars are in flow communication with the fuel 
supply, with each of the fuel injector bars further includ- 
ing a body portion having an upstream end, a down- 
stream end, and a pair of sides. Injectors are provided 
in openings formed in the body portion and are in flow 
communication with the fuel supply, whereby fuel is pro- 
vided to the dome inlet module flow passages and/or 
the cavity through the fuel injector bars. 
[0006] In accordance with a second aspect of the 
present invention, a method of operating a gas turbine 
engine combustor is disclosed, where the combustor in- 
cludes a dome inlet module having a plurality of flow 
passages formed therein and at least one cavity formed 
within a combustion chamber by a liner downstream of 
the dome inlet module. The method includes the steps 
of injecting fuel into an upstream end of the cavity, in- 
jecting air into the cavity to create a trapped vortex of 
fuel and air therein, igniting the mixture of fuel and air In 
the cavity to fomi combustion gases, providing a flow of 
main stream air from a compressor upstream of the 
dome inlet module into and through the flow passages, 
and exhausting the cavity combustion gases across a 
downstream end of the dome inlet module so as to in- 
teract with the main stream air. The method may also 
include the steps of injecting fuel into the dome inlet 
module flow passages so as to mix with the main stream 
air and igniting the mixture of fuel and main stream air 
by the cavity combustion gases exhausting across the 
dome inlet module downstream end. 
[0007] The invention will now be described in greater 
detail, by way of example, with reference to the draw- 
ings, in which:- 

Fig. 1 is a longitudinal cross-sectional view of a gas 
turbine engine combustor having a fuel Injection 
system in accordance with the present invention; 
and 

Fig. 2 is an aft perspective view of a single fuel in- 
jector bar; 

Fig. 3 is a top cross-sectional view of the fuel injec- 
tor bar depicted In Fig. 2 across two separate 
planes, whereby flow communication with the side 
injectors and the aft injectors is shown; and 

Fig. 4 is a fonward perspective view of the dome inlet 
module depicted in Fig. 1, where the fuel injector 
bars are shown as interfacing therewith. 

[0008] Referring now to the drawing in detail, wherein 
identical numerals indicate the same elements through- 
out the figures. Fig. 1 depicts a combustor 10 which 
comprises a hollow body defining a combustion cham- 
ber 12 therein. Combustor 10 is generally annular in 
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form about an axis 1 4 and is further comprised of an 
outer iiner 1 6, an inner liner 1 8, and a dome inlet module 
designated generally by the numeral 20. A casing 22 is 
preferably positioned around combustor 10 so that an 
outer radial passage 24 is fomied between casing 22 
and outer liner 1 6 and an inner passage 26 Is defined 
between casing 22 and inner liner 18. 
[0009] It will be appreciated that dome inlet module 
20 may be like that shown and disclosed in the U.S. Pat- 
ent 5.61 9,855 to Burrus, which is also owned by the as- 
signee of the current invention. Instead, Fig. 1 depicts 
combustor 1 0 has having a different dome inlet module 
20, where it Is separate from a diffuser 28 located up- 
stream thereof for directing air flow from an exit end 30 
of a compressor. Dome inlet module 20, which is con- 
nected to outer liner 16 and inner liner 18, preferably 
includes an outer vane 32, an inner vane 34, and one 
or middle vanes 36 disposed therebetween so as to form 
a plurality of flow passages 38. While three such flow 
passages are shown in Fig. 1 , there may be either more 
or less depending upon the number of middle vanes 36 
provided. Preferably, dome inlet module 20 is positioned 
in substantial alignment with the outlet of diffuser 28 so 
that a main stream air flow is directed unimpeded into 
combustion chamber 12. In addition, it will be seen that 
outer and inner vanes 32 and 34 extend axially up- 
stream in order to better receive the main stream airflow 
within flow passages 38 of dome inlet module 20. 
[0010] It will be noted that achieving and sustaining 
combustion in such a high velocity flow is difficult and 
likewise carries downstream into combustion chamber 
12 as well. In order to overcome this problem within 
combustion chamber 12, some means for igniting the 
fuel/air mixture and stabilizing the flame thereof is re- 
quired. Preferably, this is accomplished by the incorpo- 
ration of a trapped vortex cavity depicted generally by 
the number 40, formed at least in outer liner 1 6. A similar 
trapped vortex cavity 42 is preferably provided in inner 
liner 1 8 as well. Cavities 40 and 42 are utilized to provide 
a trapped vortex of fuel and air, as discussed in the 
aforementioned '855 patent and depicted schematically 
In cavity 42 of Fig. 1 . 

[0011] With respect to outer liner 16 and inner liner 
18, trapped vortex cavities 40 and 42 are incorporated 
immediately downstream of dome inlet module 20 and 
shown as being substantially rectangular in shape (al- 
though cavities 40 and 42 may be configured as arcuate 
in cross-section). Cavity 40 is open to combustion 
chamber 12 so that it is formed by an aft wall 44, a for- 
ward wall 46, and an outer wall 48 formed therebetween 
which preferably is substantially parallel to outer liner 
16. Likewise, cavity 42 is open to combustion chamber 
12 so that it is formed by an aft wall 45, a fonvard wall 
47, and an inner wall 49 formed therebetween which 
preferably is substantially parallel to inner liner 18. In- 
stead of injecting fuel into trapped vortex cavities 40 and 
42 through a fuel injector centered within a passage in 
aft walls 44 and 45, respectively, as shown in U.S. Pat- 



ent 5,619,855, it is preferred that the fuel be injected 
through fonward walls 46 and 47 by means of a plurality 
of fuel injector bars 50 positioned circumferentiaily 
around and interfacing with dome inlet module 20. 

5 [001 2] More specifically, fuel injector bars 50 are con- 
figured to be inserted into dome inlet module 20 through 
engine casing 22 around combustor 10. Depending up- 
on the design of dome inlet module 20, each fuel injector 
bar 50 is then inserted into slots provided in vanes 32, 

10 34 and 36 (see Fig. 4) or integrally therewith through 
openings provided therein. Fuel injector bars 50 are 
then in flow communication with a fuel supply 52, pref- 
erably via separate fuel lines 54 and 56, in order to inject 
fuel into cavities 40 and 42 and flow passages 38. 

15 [001 3] As seen in Fig. 2, each fuel injector bar 50 has 
a body portion 58 having an upstream end 60, a down- 
stream end 62, and a pair of sides 64 and 66 (see Fig. 
3). It wilt be noted that upstream end 60 is preferably 
aerodynamically shaped while downstream end 62 has, 

20 but is not limited to, a bluff surface. In order to inject fuel 
into cavities 40 and 42, a first Injector 68 is positioned 
within an opening 70 located at an upper location of 
downstream end 62 and a second injector 72 is posi- 
tioned within an opening 74 located at a lower location 

25 of downstream end 62. Additionally, a pair of oppositely 
disposed openings 76 and 78 in sides 64 and 66, re- 
spectively, are provided with injectors 80 and 82 to inject 
fuel within each flow passage 38 of dome inlet module 
20. 

30 [001 4] It will be appreciated from Fig. 3 that body por- 
tion 58 operates as a heat shield to the fuel flowing 
therethrough to injectors 68, 72, 80 and 82. Since it is 
preferred that injectors 68 and 72 be supplied with fuel 
separately from injectors 80 and 82 via fuel lines 54 and 

35 56, first and second passages 84 and 86 are provided 
within fuel injector bars 50. Fuel line 54 is brazed to first 
passage 84 so as to provide flow communication and 
direct fuel to injectors 68 and 72 while fuel line 56 is 
brazed to second passage 86 so as to provide flow com- 

40 munication and direct fuel to injectors 80 and 82. It will 
be understood that injectors 68, 72, 80 and 82 are well 
known in the art and may be atomizers or other similar 
means used for fuel injection. 
[001 5] Although simple tubes could be utilized to carry 

45 fuel from fuel lines 54 and 56 to injectors 68. 72, 80 and 
82, it is preferred that fuel injector bars 50 be construct- 
ed to have a middle portion 88 housed within body por- 
tion 58 of fuel injection bars 50 with first and second pas- 
sages 84 and 86 formed therein. Middle portion 88 is 

50 optimally made of ceramic or a similarly insulating ma- 
terial to minimize the heat transferred to the fuel. An ad- 
ditional air gap 90 may also be provided about middle 
portion 88 where available in order to further Insulate 
the fuel flowing therethrough. It will be appreciated that 

55 middle portion 88 Is maintained in position within body 
portion 58 at least by the attachment of fuel lines 54 and 
56 at an upper end thereof. 

[0016] In operation, combustor 10 utilizes the com- 
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bustion regions within cavities 40 and 42 as the pilot, 
with fuel only being provided through injectors 68 and 
72 of fuel Injector bars 50. Air is also injected into cavi- 
ties 40 and 42 via passages 92 and 94 located at the 
intersection of aft walls 44 and 45 with outer wall 48 and 
inner wall 49, respectively, as well as passages 96 and 
98 located at the intersection of fonward walls 46 and 47 
with outer wall 48 and inner wall 49. In this way, a 
trapped vortex of fuel and air is created in cavities 40 
and 42. Thereafter, the mixture of fuel and air within cav- 
ities 40 and 42 are ignited, such as by igniter 100. to 
form combustion gases therein. These combustion gas- 
es then exhaust from cavities 40 and 42 across a down- 
stream end of dome inlet module 20 so as to interact 
with main stream air flowing through flow passages 38. 
It will be understood that if higher power or additional 
thrust is required, fuel is injected into flow passages 38 
of dome inlet module 20 through Injectors 80 and 82 of 
fuel injector bars 50, such fuel being mixed with the main 
stream air flowing therethrough. The mixture of fuel and 
main stream air is preferably ignited by the cavity com- 
bustion gases exhausting across the downstream end 
of dome inlet module 20. Thus, combustor 10 operates 
in a dual stage manner depending on the requirements 
of the engine. 



Claims 



shaped at said upstream end. 

3. The fuel injection system of claim 1 or 2, said body 
portion of said fuel injector bars having a bluff sur- 
face at said downstream end. 

4. The fuel injection system of claim 3, wherein an in- 
jector is located on said body portion downstream 
end of said fuel injector bars to provide fuel into 
each cavity formed in said liner. 

5. The fuel injection system of claim 1 , wherein a pair 
of injectors are located on said body portion sides 
of said fuel injector bars to provide fuel into each 
flow passage of said dome inlet module. 

6. The fuel injection system of any preceding claim, 
said fuel injector bars being located integrally with 
said dome inlet module. 

7. The fuel injection system of any one of claims 1 to 
5, said fuel injector bars being located between 
vanes of said dome Inlet module. 



25 8. The fuel injection system of any one of claims 1 to 
5, wherein said fuel injector bars are inserted into 
said dome inlet module through and connected to 
an engine casing surround said combustor. 
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1 . A fuel injection system for a gas turbine engine com- 30 9. 
bustor, said combustor including a dome inlet mod- 
ule having a plurality of flow passages formed there- 
in and at least one cavity formed in a liner down- 
stream of said dome inlet module, said fuel injection 
system comprising: 



2. 



(a) a fuel supply; 

(b) a plurality of fuel injector bars positioned cir- 
cumferentially around and Interfacing with said 
inlet dome module, said fuel injector bars being 
in flow communication with said fuel supply, 
each of said fuel injector bars further compris- 
ing: 

(1) a body portion having an upstream end, 
a downstream end, and a pair of sides; and 

(2) a plurality of injectors formed in said 
body portion and in flow communication 
with said fuel supply; 

wherein fuel is provided to said dome inlet module 
flow passages and/or said cavity through said fuel 
injector bars. 

The fuel injection system of claim 1 , said body por- 
tion of said fuel Injector bars being aerodynamically 



35 



40 



The fuel injection system of any preceding claim, 
further comprising a first fuel supply in flow commu- 
nication with said fuel injector bars which feeds fuel 
to said injectors providing fuel into said cavity and 
a second fuel supply in flow communication with 
said fuel injector bars which feeds fuel to said injec- 
tors providing fuel into said dome inlet module flow 
passages. 



10. The fuel injection system of any preceding claim, 
said fuel injection bars further comprising a middle 
portion housed within said body portion, said middle 
portion having at least one passage formed therein 
In flow communication with said fuel supply. 



45 11 . The fuel injection system of claim 1 0, said body por- 
tion of said fuel injector bars operating as a heat 
shield to the fuel flowing therethrough to said injec- 
tors. 



50 



55 



12. The fuel injection system of claim 9, said fuel injec- 
tion bars further comprising a middle portion 
housed within said body portion, said middle portion 
having a first passage formed therein in flow com- 
munication with said first fuel supply and a second 
passage formed therein in flow communication with 
said second fuel supply. 

13. A method of operating a gas turbine combustor, 
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said combustor including a dome inlet module hav- 
ing a plurality of flow passages formed therein and 
at least one cavity formed within a combustion 
chamber by a liner downstream of said dome inlet 
module, said method comprising the following 
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(a) injecting fuel Into an upstream end of said 
cavity; 

(b) injecting air into said cavity to create a 
trapped vortex of fuel and air therein; 

(c) igniting said mixture of fuel and air in said 
cavity to form combustion gases; is 

(d) providing a flow of main stream air from a 
compressor upstream of said dome inlet mod- 
ule into and through said flow passages; and 

20 

(e) exhausting said cavity combustion gases 
across a downstream end of said dome inlet 
module so as to Interact with said main stream 
air. 

25 

14. The method of claim 13, further comprising the fol- 
lowing steps: 

(a) injecting fuel into said dome inlet module 
flow passages so as to mix with said main 30 
stream air; and 

(b) igniting the mixture of fuel and main stream 
air by said cavity combustion gases exhausting 
across said dome inlet module downstream 35 
end. 

15. The method of claim 13 or 14, wherein the mixture 
of fuel and air in said cavity is less than an equiva- 
lence ratio of 1 .0. 40 
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FIG. 2 
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